Introduction
Mature B-cell neoplasms comprise >90% of all lymphoid neoplasms along with precursor B lymphoblastic lymphoma /leukemia and classic Hodgkin lymphoma (Dong et al., 2008; Swerdlowet al., 2010) These neoplasms comprise of neoplastic B cells at a wide range of differentiation, from precursor B cells in the B-cell maturation pathway with only partial expression of pan-B-cell antigens to late-stage B cells undergoing plasma cell differentiation with someloss of B-cell signatures (Dong et al., 2008) . Classic Hodgkin lymphoma, traditionally considered a separate entity is now considered as a neoplasm of B cell lineage which creates a greater overlap between classic Hodgkin lymphoma and many forms of B cell malignancies (Swerdlowet al., 2010; Barakzai et al., 2009; Sultan et al., 2016) . Recognition of the B-cell lineage is crucial for diagnosis and classification of these lymphomas which is greatly dependent on immunohistochemistry (Jensenetal., 2007) .
There have been a few pan-B-cell antigens routinely used for the diagnosis of B-cell lymphoma, such as CD20 and CD79a (Aftab et al., 2006) . Precursor B-lymphoblastic leukaemia /lymphoma often lack CD20 expression. On the other hand, it has been well documented that CD20 and CD79a may be expressed in subsets of T-cell malignancies (Dong et al., 2008) .
PAX-5 is a member of the paired box domain gene family that encodes nuclear transcription factors important in development, differentiation, cell migration and proliferation. PAX-5 protein is expressed as a nuclear marker in cells of B-lineage that spans the differentiation spectrum and is found to be expressed in pre-and mature B cells, but not in plasma cells (McCuneet al., 2006) . PAX-5 is also expressed by Reed-Sternberg cells in classic Hodgkin lymphoma where the specific weak nuclear immuno-reactivity of PAX-5 effectively distinguishes Reed-Sternberg cells from other reactive components, such as polykaryocytes, histiocytes, dendritic cells and endothelial cells (Dong et al., 2008) . PAX-5 is a good and reliable immunomarker in diagnosing B cell non Hodgkin lymphomas and Hodgkin lymphomas (Mhawech et al., 2007) .
PAX-5 is the most sensitive and reliable immunohistochemical marker for B-cell malignancies (Dong et al., 2008) . The nuclear positivity of PAX-5 makes it different from other pan B cells markers (CD20 and CD79a) which are membrane markers (Dong et al., 2008) . PAX-5 is expressed in the absence of expression of other pan-B-cell markers, suggesting that the inclusion of PAX-5 in a panel of antibodies to diagnose B cell lymphomas would be very supportive (Jensen et al., 2007) . PAX-5 has not been found in mature normal and malignant T ⁄ natural killer cells (Dong et al., 2008) . The purpose of this study is to determine PAX-5 expression in B-cell lymphomas through immunohistochemistry in order to improve the diagnosis of B cell lymphomas.
Materials and Methods

Study Settings
The study was conducted in the section of Histopathology, Department of Pathology and Laboratory Medicine of The Aga Khan University Hospital, Karachi. The section receives over seventy thousand surgical specimens per year. These cases include biopsies from inpatients and outside referrals from all over Pakistan. This cross sectional study was conducted over a period of one year (July 2010 to July 2011). Non probability consecutive sampling was done to include all the cases of B cell lymphoma (Hodgkin and non Hodgkin lymphoma) diagnosed over a period of one year.
Data Collection
Study variables including, age, gender, site, immunohistochemical stains and diagnosis were recorded on a predesigned proforma. The morphology was assessed microscopically by two pathologists (consultant and resident). For each case, one representative section was selected and immunohistochemical stains were performed. These included Leucocyte common antigen (LCA/CD45), Pan B (CD20, CD79a), Pan T (CD3), CD30 (ki-1), CD15 (GAA), CD 5, CD10, BCL2, cyclin D1 and PAX-5 immunohistochemical stains.For PAX-5, nuclear brown staining of B cell was regarded as positive and it was scored as 0 (weak), 1 (moderate), and 2 (strong) on the basis of intensity of staining (McCuneet al., 2006; Johri et al., 2016) . A diagnosis of Hodgkin lymphoma was given for those cases in which typical Reed Sternberg (RS) cells were present in a mixed background comprising of lymphocytes, eosinophils and plasma cells. These cases demonstrated positivity for CD15, CD30 and PAX-5 in the RS cells and were negative for LCA immunostain. The diagnosis of Non Hodgkin lymphoma was given for those cases which showed positivity for Pan B (CD20, CD79a), CD5, CD10, BCL2, cyclin D1, LCA and PAX-5.
Results
A total of 125 cases were diagnosed as B cell lymphoma (Hodgkin and non Hodgkin) during the study period. There were 87 males (69.60%) and 38 females (30.40%) with male to female ratio of 2.3:1. The mean age was 35 ± 20.64 years (range from 3 -83 years). Out of 125 cases, 86 (68.80%) samples were from lymph nodes while 39 (31.20%) were from extra-nodal (sites other than lymph nodes). All the included cases in the study showed positivity for pax-5 (100%) out of which 64 (51.2%) cases expressed moderate (dim) positivity whereas, 61 (48.8%) cases showed strong positivity. No differences with respect to the site of lymphoma (Nodal and extra nodal), age or gender of patients were observed. Hodgkin Lymphoma (Mixed cellularity) was the commonest B-cell lymphoma subtype detected in 32 (25.6%) cases. Other common subtypes included Hodgkin lymphoma (Nodular sclerosis subtype), diffuse large B-cell lymphoma and B lymphoblastic lymphoma (Table-1 In addition CD 79a is also not expressed in neoplastic cells of classic Hodgkin lymphoma which are now known as of B cell origin. PAX-5 has emerged as a marker which is expressed in precursor B cells and also in neoplastic cells of classic Hodgkin lymphoma (Dong et al., 2008; Swerdlowet al., 2010) . These properties make it decisive marker than CD 20 and CD 79a in difficult cases. Another maker CD19 is most specific and is found in the broadest spectrum of B cells but in most laboratories it can only be analyzed by flow cytometry with fresh cells (Dong et al., 2008; Masir et al., 2006) . B cell lymphoma, status post rituximab lacks CD 20 expression, however strong expression of PAX-5 makes it an ideal immunohistochemical marker for establishing the diagnosis in such cases (Chu et al., 2006) In one of the study of Dong et al PAX-5 expression was identified in 97% cases of B-lymphoproliferative disorders (Hodgkin and Non Hodgkin Lymphomas) (Dong et al., 2008) . In another study of Johri et al PAX-5 expression was identified in 23/24(95.8%) in hodgkin lymphoma and 32/39 in B cell non hodgkin lymphoma (Johri et al., 2016) . In comparison to other studies our study all cases are PAX-5 positive,all Hodgkin lymphoma cases showed moderate(dim) positivity in RS cells and Non-hodgkin lymphomas are strongly positive for PAX-5 and only two cases showed moderate(dim)positivity instead of strong positivity.
PAX-5 expression is seen in all B cell lymphoma and Hodgkin lymphoma (Buettner et al., 2005) . PAX-5 helps to differentiate Hodgkin lymphoma, anaplastic large cell lymphoma and T cell rich B cell lymphoma. PAX-5 Figures 1-4 show patterns of PAX-5 expression in various B-cell lymphomas.
Discussion
The transcription factors e2a, ebf1 and PAX-5 cause common lymphoid progenitors to develop into B-cells (Sigvardsson et al., 2002) . The absence of any one of these transcription factors block B-cell development at an early stage. Pax-5 expression is mostly limited to cells of B-lymphocyte origin, and Pax-5 has been shown to play an essential role in B-lymphoid lineage commitment. PAX-5 gene expression is activated during the pro-B-cell stage of development and continues through the pre-B-cell and mature B-cell stages, but is absent in normal plasma cells (Zwollo et al.,1997; Sigvardsson et al., 2002; Dong et al., 2008; Adams et al., 1992; Hangman et al 2000) .
The nuclear positivity of PAX-5 makes it different from other pan B cells markers (CD20 and CD79a) which are membrane markers (Dong et al., 2008) . PAX-5 is expressed in all B cell lymphoma as well as in neoplastic cells of classic Hodgkin lymphoma (Buettner et al., 2005) . Although CD20 and CD79a are most commonly used to demonstrate B-cell lineage in B-cell Non-Hodgkin lymphomas, but they have their limitations. CD20 is expressed from late precursor B-cells through mature expression is seen in Hodgkin lymphoma and T cell rich B cell lymphoma (Shahabuddin et al., 2003; Dong et al., 2008) . However, anaplastic large cell lymphomas are negative.
PAX-5 is negative in plasma cell neoplasms and T cell lymphoproliferative disorders, hence it is useful in excluding the two disorders. The lack of PAX-5 expression in most CD30-positive non-hematopoietic malignancies (embryonal carcinoma and Seminoma) and T-cell lymphomas, such as anaplastic large cell lymphoma (ALCL), suggest that the absence of PAX-5 may be used to confirm non-B-cell lineage. No evidence of PAX-5 expression is seen in medulloblastoma, neuroblastoma, astrocytomas and bladder tumor by immunohistochemistry and in many other epithelial and mesenchymal tumors (Desouki et al., 2010; Mhawech et al., 2007) .
In conclusion, this study demonstrates that Pax-5 is consistently expressed in all the cases of B cell lymphoma (Hodgkin and non Hodgkin). Therefore, it should be included in diagnostic panel of all suspected B-cell malignancies. Moderate (dim) Pax-5 positivity in Reed Sternberg cells is particularly helpful in differentiating Hodgkin from non Hodgkin B cell lymphomas.
